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ABSTRACT 
The relationships between rainfall and runoff within a catchment is an important part of 
hydrology . Because the observation of rainfall is more easy and accurate than runoff, it could 
simulate the amount of runoff by rainfall data. There are several methods used for deriving the 
relationships between runoff and rainfall, including unit hydrograph, tank model, storage function, 
and HEC-1 model, etc. Unit hydrograph is the oldest one of methods, usually solved by matrix 
before. Genetic algorithms, one of optimizing methods, applied in this paper, is finished by evolution 
process including replacement, crossover, and mutation steps.  
This study takes an example of Ta-An river in central Taiwan area. Data from a rainfall station 
Syue-Ling and a river stage station Siang-Bi, were used to optimize unit hydrograph with genetic 
algorithms for the Siang-Bi station. The outputs of this study reveal that it is referable to optimize 
unit hydrograph with genetic algorithms. 

















































(linear optimization) 、 非 線 性 最 佳 化 
(nonlinear optimization)，皆已廣泛應用在各領
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所以應用很廣。                              













1  ………….…….(1) 
展開式(1)，結果如式(2) 






























































圖 1. 基因演算法優選求解流程 
Figure 1. Flowchart of optimizing solution process with genetic algorithms. 
為模式驗證之用。寶莉颱風之降雨量組體圖
及逕流量歷線圖分示如圖 2 及圖 3，提姆颱
風之降雨量組體圖及逕流量歷線圖則分示如
圖 4及圖 5。 
2. 目標函數 
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圖 2. 寶莉颱風降雨量組體圖 


















圖 3. 寶莉颱風逕流量歷線圖 





















































圖 4. 提姆颱風降雨量組體圖 

















圖 5. 提姆颱風逕流量歷線圖 


































水土保持學報 35(4)：393-410 (2003) 









  ... simobs QQfMin −= ………… (3) 
式中 
    .Min : 最小值 
f   : 目標函數 
.obsQ : 流量歷線每小時觀測值 



















限值為 a ，上限值為 b，參數之計算精度至
小數點以下第 n位數。則字串之位元數 m，
可由下式計算而得。 
1210)(2 1 −≤×−− mnm abp  ……….(4) 
m位元字串之二進位值，再由下式轉換映射
至相對應之實數值 X 。 
12 −






結果為 4。本研究假設單位歷線歷時 18 小
時，所以在優選過程之字串長度總位元數為
1124186 =+× 。 
4. 複製 







































表 1. 初始父代 10個字串相對應之流量單位歷線與字串被複製之機率 
Table 1. Unit hydrographs from 10 strings and its replacement probability of first generation. 
字    串    編    號 單位歷線小時數 
1 2 3 4  5 6 7 8 9 10 
1 1.08 1.77 1.99 1.51 0.98 1.82 2.10 1.08 1.20 1.10
2 2.46 3.99 4.71` 3.33 2.27 4.19 4.84 2.53 2.56 2.38
3 4.27 6.80 8.05 5.65 3.99 6.77 8.19 4.61 4.45 4.28
4 6.72 10.80 12.87 9.25 5.93 10.62 12.56 6.79 6.84 6.49
5 8.95 11.72 13.54 13.59 8.66 11.72 13.58 9.72 10.02 9.25
6 12.73 16.12 17.95 11.84 11.93 15.44 18.09 13.41 14.15 12.63
7 17.00 10.81 12.59 16.41 16.28 10.93 12.75 18.54 17.76 16.89
8 23.55 7.74 8.41 11.35 21.75 7.25 8.46 25.21 12.15 22.87
9 12.67 5.10 6.06 7.70 11.72 5.17 5.72 13.54 15.98 12.67
10 17.23 3.38 3.93 5.04 14.92 3.34 4.05 16.92 11.11 15.76
11 11.43 2.36 2.58 3.33 10.11 2.26 2.78 11.52 6.97 10.94
12 7.08 1.55 1.67 2.19 6.60 1.50 1.81 7.80 4.54 7.51
13 4.82 0.95 1.13 1.37 4.52 1.00 1.10 4.93 3.04 4.53
14 2.96 0.63 0.68 0.85 2.57 0.58 0.71 3.07 1.85 2.85
15 1.70 0.37 0.44 0.55 1.55 0.37 0.44 1.80 1.19 1.83
16 0.99 0.21 0.23 0.30 0.88 0.21 0.23 1.08 0.64 0.98
17 0.47 0.10 0.12 0.14 0.47 0.10 0.11 0.55 0.31 0.48
18 0.19 0.04 0.05 0.06 0.16 0.04 0.04 0.20 0.13 0.19
適應度 754.57 923.55 895.27 876.50 777.23 930.55 895.17 738.50 792.57 762.07
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圖 6. 初始父代 10個字串相對應之流量單位歷線 








串被複製 1次、編號 3字串被複製 1次、編
號 5字串被複製 2次、編號 7字串被複製 2
次、編號 8字串被複製 1次、編號 9字串被
複製 1次、編號 10字串被複製 2次。 





































































值示如表 6，並繪圖比較如圖 8。由圖 8可 
表 2. 初始父代 10個字串複製後之流量單位歷線 
Table 2. After replacement , unit hydrographs from 10 strings of first generation. 
字    串    編    號 單位歷線小時數 
1 2 3 4  5 6 7 8 9 10 
1 2.10 1.99 0.98 1.10 1.10 2.10 0.98 1.08 1.20 1.08
2 4.84 4.71` 2.27 2.38 2.38 4.84 2.27 2.46 2.56 2.53
3 8.19 8.05 3.99 4.28 4.28 8.19 3.99 4.27 4.45 4.61
4 12.56 12.87 5.93 6.49 6.49 12.56 5.93 6.72 6.84 6.79
5 13.58 13.54 8.66 9.25 9.25 13.58 8.66 8.95 10.02 9.72
6 18.09 17.95 11.93 12.63 12.63 18.09 11.93 12.73 14.15 13.41
7 12.75 12.59 16.28 16.89 16.89 12.75 16.28 17.00 17.76 18.54
8 8.46 8.41 21.75 22.87 22.87 8.46 21.75 23.55 12.15 25.21
9 5.72 6.06 11.72 12.67 12.67 5.72 11.72 12.67 15.98 13.54
10 4.05 3.93 14.92 15.76 15.76 4.05 14.92 17.23 11.11 16.92
11 2.78 2.58 10.11 10.94 10.94 2.78 10.11 11.43 6.97 11.52
12 1.81 1.67 6.60 7.51 7.51 1.81 6.60 7.08 4.54 7.80
13 1.10 1.13 4.52 4.53 4.53 1.10 4.52 4.82 3.04 4.93
14 0.71 0.68 2.57 2.85 2.85 0.71 2.57 2.96 1.85 3.07
15 0.44 0.44 1.55 1.83 1.83 0.44 1.55 1.70 1.19 1.80
16 0.23 0.23 0.88 0.98 0.98 0.23 0.88 0.99 0.64 1.08
17 0.11 0.12 0.47 0.48 0.48 0.11 0.47 0.47 0.31 0.55
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18 0.04 0.05 0.16 0.19 0.19 0.04 0.16 0.19 0.13 0.20
 
表 3. 初始父代 10個字串交換後之流量單位歷線 
Table 3. After crossover , unit hydrographs from 10 strings of first generation. 
字    串    編    號 單位歷線
小時數 
1 2 3 4  5 6 7 8 9 10 
1 2.10 1.99 0.98 1.10 1.10 2.10 0.98 1.08 1.20 1.08 
2 4.84 4.71` 2.27 2.38 2.38 4.84 2.27 2.46 2.56 2.53 
3 8.19 8.05 3.99 4.28 4.28 8.19 3.99 4.27 4.45 4.61 
4 12.56 12.87 5.93 6.49 6.49 12.56 5.93 6.72 6.84 6.79 
5 13.58 13.54 8.66 9.25 9.25 13.58 8.66 8.95 10.02 9.72 
6 18.09 17.95 11.93 12.63 12.63 18.09 11.93 12.73 14.15 13.41
7 12.95 12.39 16.28 16.89 16.89 12.75 16.28 17.00 17.76 18.54
8 8.43 8.43 21.75 22.87 22.87 8.46 21.75 23.55 12.15 25.21
9 6.08 5.70 11.72 12.67 12.67 5.72 11.72 12.67 15.98 13.54
10 3.94 4.04 14.92 15.76 15.76 4.05 14.92 17.23 11.11 16.92
11 2.59 2.77 10.11 10.94 10.94 2.78 10.11 11.43 6.97 11.52
12 1.67 1.80 6.60 7.51 7.51 1.81 6.60 7.08 4.54 7.80 
13 1.13 1.10 4.52 4.53 4.53 1.10 4.52 4.82 3.04 4.93 
14 0.68 0.70 2.57 2.85 2.85 0.71 2.57 2.96 1.85 3.07 
15 0.44 0.44 1.55 1.83 1.83 0.44 1.55 1.70 1.19 1.80 
16 0.23 0.23 0.88 0.98 0.98 0.23 0.88 0.99 0.64 1.08 
17 0.12 0.11 0.47 0.48 0.48 0.11 0.47 0.47 0.31 0.55 






表 4. 初始父代 10個字串突變後之流量單位歷線 
Table 4. After mutation , unit hydrographs from 10 strings of first generation. 
字    串    編    號 單位歷線
小時數 
1 2 3 4  5 6 7 8 9 10 
1 2.10 1.90 0.98 1.10 1.10 2.10 0.97 1.08 1.20 1.08 
2 4.84 4.55 2.27 2.38 2.38 4.84 2.27 2.47 2.56 2.53 
3 8.24 7.65 3.99 4.23 4.28 8.19 3.99 4.27 4.45 4.61 
4 12.56 12.23 5.93 6.49 6.49 12.56 5.93 6.72 6.84 6.62 
5 13.58 12.90 8.68 9.25 9.25 13.58 8.66 8.95 10.02 9.73 
6 18.09 17.11 11.93 12.61 12.59 18.09 11.93 12.73 14.15 13.32
7 12.95 11.81 16.28 16.89 16.89 12.75 16.28 17.00 17.76 18.54
8 8.43 8.04 21.75 22.87 22.87 8.46 21.75 23.55 12.15 25.13
9 6.08 5.44 11.72 12.67 12.67 5.87 11.72 12.67 15.98 13.54
10 3.94 3.85 14.94 15.97 15.76 4.05 14.92 17.23 11.10 16.92
11 2.59 2.65 10.11 10.91 11.01 2.78 10.07 11.15 6.97 11.52
12 1.67 1.72 6.60 7.51 7.51 1.81 6.60 7.08 4.54 7.80 
13 1.13 1.04 4.52 4.53 4.53 1.10 4.52 4.82 3.06 4.91 
14 0.70 0.67 2.57 2.85 2.85 0.71 2.56 2.96 1.85 3.07 
15 0.44 0.42 1.63 1.83 1.83 0.44 1.55 1.70 1.19 1.80 
16 0.23 0.22 0.87 0.95 0.98 0.23 0.88 0.99 0.62 1.08 
17 0.12 0.11 0.47 0.48 0.48 0.11 0.47 0.47 0.31 0.55 
18 0.05 0.04 0.16 0.19 0.19 0.04 0.16 0.19 0.13 0.20 
適應度 873.03 904.86 745.73 721.54 762.22 894.41 747.48 754.84 792.66 738.78
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表 5. 優選子代 10個字串相對應之流量單位歷線 
Table 5. Unit hydrographs from 10 strings of optimal generation. 
字    串    編    號 單位歷線
小時數 
1 2 3 4  5 6 7 8 9 10 
1 1.11 1.99 1.04 1.22 1.08 1.06 2.08 1.12 1.08 1.89 
2 2.53 4.59 2.51 2.67 2.61 2.29 4.79 2.45 2.47 4.55 
3 4.38 7.83 4.26 4.58 4.41 4.07 8.12 4.36 4.28 7.60 
4 6.89 11.67 6.42 6.77 6.68 6.25 12.22 6.58 6.72 12.23
5 9.17 9.68 9.45 10.15 9.89 8.91 8.66 9.68 8.95 9.25 
6 13.05 17.91 12.93 14.47 13.59 12.12 18.68 12.90 12.73 17.11
7 17.31 12.42 18.00 18.53 17.92 16.36 12.88 17.51 17.00 11.81
8 23.55 8.42 24.40 22.83 22.38 21.74 8.78 24.98 23.55 7.88 
9 5.44 5.38 6.06 15.80 15.80 5.87 5.99 0.00 5.44 5.44 
10 16.53 3.95 16.43 10.60 16.37 16.08 4.06 17.72 16.39 3.85 
11 11.16 2.59 11.19 7.24 11.22 11.05 2.61 11.46 11.15 2.52 
12 7.31 1.63 7.75 4.80 7.23 7.19 1.71 7.95 7.12 1.72 
13 5.00 1.10 4.77 3.24 4.65 4.59 1.17 4.88 4.82 1.04 
14 2.83 0.68 2.98 1.84 2.92 2.84 0.66 3.06 2.96 0.67 
15 1.73 0.39 1.75 1.12 1.87 1.76 0.40 1.79 1.70 0.42 
16 0.97 0.23 1.05 0.63 0.98 0.92 0.23 1.07 0.99 0.22 
17 0.52 0.11 0.52 0.32 0.50 0.45 0.12 0.54 0.47 0.11 
18 0.18 0.04 0.19 0.12 0.19 0.17 0.04 0.20 0.18 0.04 


















圖 7. 流量單位歷線優選結果 















圖 8. 寶莉颱風逕流量模擬值及觀測值比較圖 
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表 6. 寶莉颱風與提姆颱風逕流量觀測值及模擬值比較表(一) 
Table 6. Comparison between observed and simulated runoff of Baoli typhoon and Timu typhoon. 

















1 4 87.8 90.21 1 94.0 90.00 
2 5 88.6 90.89 1 95.6 90.00 
3 5 87.8 92.14 1 95.6 90.00 
4 1 87.0 93.71 2 95.6 90.00 
5 5 88.6 95.31 0 102.0 90.00 
6 4 91.9 97.31 8 105.2 90.61 
7 3 92.7 98.89 6 90.0 91.70 
8 12 92.7 102.26 4 102.8 93.22 
9 3 95.2 102.28 6 94.4 95.39 
10 0 91.0 104.96 4 99.2 98.49 
11 0 95.4 107.64 30 101.9 105.88 
12 2 97.1 102.87 17 114.0 116.03 
13 0 91.5 109.86 5 124.0 128.50 
14 3 88.5 103.63 6 167.0 137.55 
15 4 87.3 99.45 4 181.0 148.05 
16 3 86.2 96.69 3 178.0 163.36 
17 11 90.2 96.63 3 165.0 177.46 
18 20 92.2 101.22 2 152.0 192.73 
19 7 94.2 107.69 6 142.0 179.66 
20 7 105.0 118.57 2 133.0 156.71 
21 8 114.0 125.99 1 134.0 139.90 
22 16 127.0 134.96 4 127.0 125.74 
23 10 145.0 152.92 1 125.0 115.73 
24 17 165.0 152.94 2 125.0 108.86 
25 0 176.2 155.11 16 124.0 106.38 
26 7 197.0 153.75 19 131.0 108.43 
27 224.0 161.11 2 131.0 109.27 
28 249.0 150.09 4 133.0 112.69 
29 229.0 150.90 3 124.0 119.28 
30 217.0 131.94 1 131.0 128.72 
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31 212.0 123.14 6 133.0 140.38 
32 174.0 112.20 17 133.0 154.12 
 
表 6. 寶莉颱風與提姆颱風逕流量觀測值及模擬值比較表(二) 
Table 6. Comparison between observed and simulated runoff of Baoli typhoon and Timu typhoon. 
33 127.0 104.68 2 131.0 154.45 
34 98.4 99.55 1 127.0 139.87 
35 90.2 96.04 110.0 131.45 
36 80.9 93.85 107.0 128.11 
37 80.9 92.25 104.0 128.84 
38 80.9 91.37 125.0 131.11 
39 83.5 90.72 118.0 131.58 
40 88.2 90.36 118.0 118.23 
41 98.4 90.15 115.0 108.61 
42 105.0 90.05 114.0 102.34 
43 101.0 90.02 115.0 97.95 
44  107.0 95.12 
45  112.0 92.92 
46  104.0 91.75 
47  101.0 90.98 
48  97.6 90.48 
49  97.6 90.16 
50  104.0 90.00 
































水土保持學報 35(4)：393-410 (2003) 
Journal of Soil and Water Conservation, 35(4)：393-410 (2003) 
 
409 
圖 9. 提姆颱風逕流量模擬值及觀測值比較圖 
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